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(54) Planar antenna 

(57) The invention relates to an antenna structure 
(400) to be placed inside in particular small radio appa- 
ratus. A conventional PIFA-type structure is extended 
by arranging a structural part (41 5) adding to the capac- 
itance between the radiating plane (420) and ground 
plane (410) relatively close to the feed point (F) of the 
antenna. The structural component may be a projection 



extending from the radiating plane towards the ground 
plane or vice versa. An advantage of the invention is 
that it achieves a significant increase in the antenna 
bandwidth without increasing the size of the antenna. 
Another advantage of the invention is that the structure 
according to it is simple and the increase in the manu- 
facturing costs is relatively low. 
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Description 

[0001] The invention relates in particular to a planar 
antenna structure installable inside small-sized radio 
apparatus. 

[0002] In portable radio apparatus it is very desirable 
that the antenna be placed inside the covers of the ap- 
paratus, for a protruding antenna is impractical. In mod- 
ern mobile stations, for example, the internal antenna 
naturally has to be small in size. This requirement is fur- 
ther emphasized as mobile stations become smaller 
and smaller. Furthermore, in dual-band antennas the 
higher operating band at least should be relatively wide, 
especially if the apparatus in question is meant to func- 
tion in more than one system utilizing the 1.7-2 GHz 
band. 

[0003] When aiming at a small-sized antenna the 
most common solution is to use a PIFA (planar inverted 
F antenna). The performance of such an antenna func- 
tioning in a given frequency band or bands depends on 
its size: The bigger the size, the better the characteris- 
tics, and vice versa. For example, decreasing the height 
of a PIFA, i.e. bringing the radiating plane and ground 
plane closer to each other, markedly decreases the 
bandwidth and degrades the efficiency. Likewise, reduc- 
ing the antenna in the directions of width and length by 
making the physical lengths of the elements smaller 
than their electrical lengths decreases the bandwidth 
and especially degrades the efficiency. 
[0004] Fig. 1 shows an example of a prior-art dual- 
band PIFA. In the Figure there can be seen the frame 
1 1 0 of the apparatus in question which is drawn horizon- 
tal and which functions as the ground plane of the an- 
tenna. Above the ground plane there is a planar radiat- 
ing element 1 20 which is supported by insulating pieces, 
such as 1 05. Between the radiating element and ground 
plane there is a short-circuit piece 102. The radiating 
element 120 is fed at a point F through a conductor 103 
via a hole in the ground plane. In the radiating element 
there is a slot 125 which starts from the edge of the el- 
ement and extends to near the feed point F after having 
made two rectangular turns. The slot divides the radiat- 
ing element, viewed from the feed point F, into two 
branches A1 and A2 which have different lengths. The 
longer branch A1 comprises in this example the main 
part of the edge regions of the radiating element, and 
its resonance frequency falls on the lower operating 
band of the antenna. The shorter branch A2 comprises 
the middle region of the radiating element, and its res- 
onance frequency falls on the upper operating band of 
the antenna. The disadvantage of structures like the one 
described in Fig. 1 is that the tendency towards smaller 
antennas for compact mobile stations may degrade the 
electrical characteristics of an antenna too much; the 
bandwidth of the higher resonance band may be insuf- 
ficient, for example. 

[0005] From the prior art it is not known solutions that 
would significantly increase the bandwidth of a PIFA 



without increasing the size of the antenna. From earlier 
applications it is known to the applicant a structure in 
which the bandwidth is increased by making the slot of 
the radiating element in two portions having a certain 

5 ratio of widths (Fl 991807), as well as a structure in 
which the bandwidth is increased by adding above the 
radiating plane a second radiating plane and by placing 
dielectric material between these planes and on top of 
the uppermost plane (Fl 992268). 

w [0006] In the solution disclosed herein the bandwidth 
of a PIFA is increased by increasing in a certain area 
the capacitance between the ground plane and radiating 
plane by means of conductors. Such increasing of ca- 
pacitance is known per se in the prior art. Fig. 2 shows 

15 a simplified example in which the radiating plane 220 
has been bent at its edge towards the ground plane 21 0. 
Between the bend 215 and ground plane there is then 
a certain additional capacitance C. Fig. 3 shows a struc- 
ture known from publication US 5,764,190 where there 

20 is between the radiating plane 320 and ground plane 
310 a relatively small parallel plane 315 in galvanic con- 
tact with the former to increase the capacitance. In these 
cases, the structural part increasing the capacitance is 
at the opposite end of the antenna in relation to the feed 

25 place determined by the feed conductor 203 (303) and 
short-circuit conductor 202 (302), and the purpose of the 
structural part is mainly to reduce the physical size of 
the antenna. 

[0007] The object of the invention is to increase in a 
30 novel manner the bandwidth of a small-sized PIFA. A 
structure according to the invention is characterized by 
what is expressed in the independent claim 1 . Some 
preferred embodiments of the invention are presented 
in other claims. 
35 [0008] The basic idea of the invention is as follows: A 
conventional PIFA-type structure is extended by forming 
the structural part adding to the capacitance between 
the radiating plane and ground plane relatively close to 
the feed point of the antenna. The structural part may 
40 be a projection pointing from the radiating plane to the 
ground plane or vice versa. 

[0009] An advantage of the invention is that it 
achieves a significant increase in the antenna band- 
width without increasing the size of the antenna. Anoth- 
45 er advantage of the invention is that the structure ac- 
cording to it is simple and the increase in the manufac- 
turing cost is relatively low. 

[0010] The invention is below described in detail. Ref- 
erence will be made to the accompanying drawings in 
50 which 

Fig. 1 shows an example of a PIFA according to the 
prior art, 

Fig. 2 shows an example of a known structure in- 
55 tended to increase capacitance, 

Fig. 3 shows a second example of a known structure 

intended to increase capacitance, 
Fig. 4 shows an example of an antenna structure ac- 
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cording to the invention, 
Fig. 5 shows a second embodiment of the invention, 
Fig. 6 shows a third embodiment of the invention, 
Fig. 7 shows a fourth embodiment of the invention, 
Fig. 8 shows an example of the characteristics of an 

antenna according to the invention, and 
Fig. 9 shows an example of a mobile station 
equipped with an antenna according to the in- 
vention. 

[0011] Figs. 1,2 and 3 were already discussed in con- 
nection with the description of the prior art. 
[001 2] Fig. 4 shows an example of the antenna struc- 
ture according to the invention. An antenna 400 com- 
prises a ground plane 410 and radiating plane 420. A 
short-circuit conductor 402 and antenna feed conductor 
403 are in this example joined to the radiating plane near 
a comer of this. The radiating plane has a slot 425 that 
divides it, viewed from the feed point F, into two branch- 
es A1 and A2 which have clearly unequal resonance fre- 
quencies. The example thus shows a dual-band struc- 
ture. In accordance with the invention a conductive pro- 
jection 41 5 towards the ground plane is joined to the ra- 
diating plane relatively near the feed point F. The pro- 
jection 415 is formed e.g. by bending a projection orig- 
inally formed on the plane 420 on the side facing the 
feed point into a right angle. Between the projection 41 5 
and ground plane 410 there is a certain capacitance C. 
This effectively compensates forthe inductive part of the 
antenna feed impedance, thus producing acceptable 
matching over a significantly wider frequency band than 
without said projection. The arrangement according to 
Fig. 4 can be used to widen the higher frequency band 
in particular, which indeed often needs to be done. 
[0013] Fig. 5 shows a second example of the arrange- 
ment according to the invention. There is an antenna 
500 comprising a ground plane 510, radiating plane 520, 
and a short-circuit conductor 502 therebetween. In ac- 
cordance with the invention there is joined to the radiat- 
ing plane a conductive projection 515 pointing towards 
the ground plane. In this example the projection is in 
galvanic contact with the short-circuit conductor 502 
such that the short-circuit conductor is very wide start- 
ing, as it were, from the radiating plane, and the lower 
end, i.e. the part connected to the ground plane, is rel- 
atively narrow. The projection 515 and short-circuit con- 
ductor 502 are formed e.g. by bending a projection orig- 
inally formed on the plane 520 into a right angle. The 
arrangement according to Fig. 5 is advantageous espe- 
cially when the area available for the radiator is relatively 
large. Extension of the short-circuit conductor decreas- 
es the resonance frequencies, which has to be compen- 
sated for by making the radiators longer, whereby they 
become narrower. This reduces the advantage of the 
structure with small antenna areas. 
[0014] Fig. 6 shows a third example of the arrange- 
ment according to the invention. There is an antenna 
600, comprising a ground plane 61 0, radiating plane 620 



and a short-circuit conductor 602 therebetween. In this 
example there are two conductive pieces adding to the 
capacitance between the planes, and they are located 
on the ground plane side: A first conductive piece 615 
5 extends from the ground plane towards the radiating 
plane below the edge of the latter, relatively close to the 
feed conductor 603. Correspondingly, a second conduc- 
tive piece 61 6 extends from the ground plane towards 
the radiating plane underneath the latter, closer to the 
w feed conductor 603 than the first conductive piece. 
[0015] Fig. 7 shows a fourth example of the arrange- 
ment according to the invention. There is an antenna 
700, comprising a ground plane 701 , radiating plane 720 
and a short-circuit conductor 702 therebetween. In this 
example the antenna has got one operating band. The 
conductive piece 715 adding to the capacitance be- 
tween the planes is now a hollow cylinder around that 
portion of the feed line 703 which is located between the 
ground plane and radiating plane, in galvanic contact 
with the ground plane. Thus, said conductive piece, 
apart from increasing the capacitance between the 
planes in the vicinity of the feed point, also reduces the 
inductiveness of the feed since it has got distributed ca- 
pacitance with respect to the feed conductor. A piece 
corresponding to the cylinder 71 5 cou Id as well be joined 
to the radiating plane and extend to a certain distance 
from the ground plane. 

[0016] Fig. 8 shows curves of reflection coefficient 
S11 as a function of frequency, illustrating the effect of 
the invention on the bandwidths of a dual-band antenna. 
The result is valid for an exemplary structure according 
to Fig. 4. Curve 81 illustrates the change in the reflection 
coefficient of an antenna according to the prior art, and 
curve 82 the change in the reflection coefficient of a cor- 
responding antenna according to the invention which 
has got an extension like the projection 415 in Fig. 4. 
Comparing the curves, one can see that especially the 
upper operating band, locating in the 1 .8 GHz region be- 
comes wider with the arrangement according to the in- 
vention. With a reflection coefficient value of 6 dB as a 
criterion for the band limit, the bandwidth B increases 
over 1 .5-fold: Its relative value increases from a little un- 
der six per cent to a little over nine per cent. The lower 
operating band in the 900 MHz region also becomes 
somewhat wider. 

[001 7] Fig. 9 shows a mobile station MS. It has an an- 
tenna 900 according to the invention, which in this ex- 
ample is located entirely within the covers of the mobile 
station. 

[0018] Above it was described antenna structures ac- 
cording to the invention. The invention does not limit the 
shape or quantity of the radiating element(s); for exam- 
ple, there may be on top of an element according to the 
invention another radiating element. Furthermore, the 
invention does not limit in any way the manufacturing 
method of the antenna. The inventional idea can be ap- 
plied in different ways within the limits defined by the 
independent claim 1. 
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Claims 

1 . An antenna structure comprising a planar radiating 
element, ground plane, short-circuit conductor ther- 
ebetween, and a feed conductor for the radiating 5 
element, characterized in that it further comprises 
conductive material increasing the capacitance be- 
tween the radiating element and ground plane, 
placed on that side of the structure where said 
short-circuit conductor and feed conductor are lo- 10 
cated, as viewed from the direction of the normal of 

the radiating element. 

2. The structure of claim 1 , characterized in that said 
conductive material forms a part (415) of the radi- is 
ating element (420), oriented towards the ground 
plane (41 0) and located relatively close to feed point 

F of said radiating element. 

3. The structure of claim 1 , characterized in that said 20 
conductive material (515) accompanies gal van ical- 
ly by said short-circuit conductor (502). 

4. The structure of claim 1 , characterized in that said 
conductive material forms at least one projection 
(615, 616) located relatively close to the feed con- 
ductor (603) of the radiating element (620) and ex- 
tending from the ground plane (61 0) towards the ra- 
diating element. 

5. The structure of claim 1 , characterized in that said 
conductive material forms a piece (715) positioned 

, around the feed conductor (703) of the radiating el- 
ement (720). 

6. A radio apparatus (MS) comprising an antenna 
(900) that comprises a planar radiating element and 
ground plane, short-circuit conductor therebe- 
tween, and a feed conductor for the radiating ele- 
ment, characterized in that said antenna further 
comprises conductive material increasing the ca- 
pacitance between the radiating element and 
ground plane, placed on that side of the structure 
where said short-circuit conductor and feed con- 
ductor are located, as viewed from the direction of 
the normal of the radiating element. 
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Fig. 6 



700 




Fig. 7 



8 



EP 1 096 602 A1 




9 



EP 1 096 602 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 66 0187 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnLCI-7) 



D,A 



P,A 



P.A 



US 5 926 150 A (CROOK GENTRY ET AL) 
20 July 1999 (1999-07-20) 

* column 10, line 41 - column 12, line 54; 
figures 2-6 * 

EP 0 526 643 A (MITSUBISHI ELECTRIC CORP 
;NIPP0N TELEGRAPH & TELEPHONE (JP)) 
10 February 1993 (1993-02-10) 

* column 5, line 20 - column 8, line 6; 
figures 1-4 * 



1-3 



H01Q1/48 



US 5 764 190 A (MURCH ROSS DAVID 
9 June 1998 (1998-06-09) 

* the whole document * 

EP 1 024 552 A (SIEMENS AG) 
2 August 2000 (2000-08-02) 

* the whole document * 

EP 1 018 779 A (LK PRODUCTS 0Y) 
12 July 2000 (2000-07-12) 

* the whole document * 



ET AL) 



1-6 



1-6 



1-6 



TECHNICAL FIELDS 
SEARCHED (lnt.Cl.7) 



H01Q 



The present search report has been drawn up tor all claims 



Place of search 

MUNICH 



Dale of completer! of Uw Mdfch 

23 January 2001 



Villafuerte Abrego 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant il combined with another 

document ol the same category 
A : technological background 
0 : non-wrillen disclosure 
P intermediate document 



T : theory or principle underlying Ihe invention 
E : earlier patent document, bul published on. or 

after the filing date 
D : document cited in (he application 
L : document cited tor other reasons 

& : member of the same patent family, corresponding 
document 



10 



EP 1 096 602 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 66 0187 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

23-01-2001 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


US 5926150 


A 


20-07-1999 


NONE 






EP 0526643 


A 


10-02-1993 


JP 


2846482 B 


13-01-1999 








JP 


4252522 A 


08-09-1992 








US 


5434579 A 


18-07-1995 








WO 


9213393 A 


06-08-1992 








US 


5684492 A 


04-11-1997 


US 5764190 


A . 


09-06-1998 


NONE 






EP 1024552 


A 


02-08-2000 


NONE 






EP 1018779 


A 


12-07-2000 


FI 


990006 A 


06-07-2000 








CN 


1259775 A 


12-07-2000 



I 



For more details aoout this annex : see Official Journal of the European Patent Office. No. 12/82 



11 



